We compared a modular neck system with a non-modular system in a cementless anatomical total hip replacement (THR). Each group consisted of 74 hips with developmental hip dysplasia. Both groups had the same cementless acetabular component and the same articulation, which consisted of a conventional polyethylene liner and a 28 mm alumina head. The mean follow-up was 14.5 years (13 to 15), at which point there were significant differences in the mean total Harris hip score (modular/non-modular: 98.6 (64 to 100)/93.8 (68 to 100)), the mean range of abduction (32° (15° to 40°)/28 (0° to 40°)), use of a 10° elevated liner (31%/100%), the incidence of osteolysis (27%/79.7%) and the incidence of equal leg lengths (≥ 6 mm, 92%/61%). There was no disassociation or fracture of the modular neck.
A hip system that incorporates a modular head and neck has several theoretical advantages in that leg length, femoral anteversion and femoral offset can all be adjusted. 1, 2 Its ability to control femoral anteversion and offset has been shown by comparing pre-and postoperative CT scans. 3 The additional junction between the neck and the stem can, however, cause problems, including fretting wear, 4 corrosion, 5 fracture and disassociation. 6 These have been described at the head-neck interfaces. [7] [8] [9] [10] [11] The long-term advantages and disadvantages of the modular neck system are not well documented. We therefore investigated whether a modular neck system would give better long-term clinical and radiological results than a non-modular system, and whether there would be complications related to the modular neck.
Patients and Methods
We retrospectively studied 67 patients (83 hips) with a modular system (modular group) and 66 patients (80 hips) with a non-modular system (non-modular group) who had undergone a cementless total hip replacement (THR) for osteoarthritis secondary to developmental dysplasia between January 1994 and July 1996. The choice of components was made pre-operatively, taking age, gender and the classification system of Crowe, Mani and Ranawat 12 into account. Consecutive patients were divided into these two cohorts with the matching of age, gender and Crowe classification. All patients had been operated on by a team of two hip surgeons (KO and NS).
In the modular group one patient (one hip) died within ten years from an unrelated disease, and six (eight hips) were lost to followup. In the non-modular group six patients (six hips) were lost to follow-up. Therefore, both study groups consisted of 74 hips. The mean follow-up was 14.5 years (13 to 15). There were 67 women and seven men in the modular group, and 69 women and five men in the nonmodular group. There were no significant differences in the physical characteristics of the two groups (Table I ). There were 35 Crowe I (≤ 50% subluxation), 30 Crowe II (50% to 75% subluxation) and nine Crowe III hips (75% to 100% subluxation) in each group. Patients with Crowe IV hips were not included in the study, which received ethical approval.
Each operation was carried out using a posterolateral approach without trochanteric osteotomy. A total capsulectomy was performed to increase the range of movement and to allow an increase in leg length.
On the femoral side, cementless femoral components were used in each group. In the modular group we used a custom-designed femoral component and a modular neck system (Fig. 1) made from titanium alloy (Ti-6A1-4V) (Cremascoli, Milan, Italy) with a 28 mm Biolox alumina femoral head (CeramTec, Plochingen, Germany). 13 The surface of the stem was grit-blasted for biological fixation. After inserting the femoral component, the modular neck and head were used to adjust offset and anteversion. Offset was altered by using the modular necks in 65 hips (87.8%): a neutral short/long neck was used in 63 hips, a varus short neck in one, and a lateralised short neck in one. We aimed for between 15°a nd 30° of anteversion of the femoral neck. Anteverted/ retroverted necks were used in nine hips (12.2%) (Fig. 2) . In the non-modular group we used an anatomical metal cancellous femoral component made from a cobaltchrome-molybdenum alloy (ESKA, Lubeck, Germany) with the same 28 mm Biolox alumina femoral head. 14, 15 The surface of this stem has a structure like that of cancellous bone. The modular head system in both groups consisted of three increments: short (-3.5 mm), medium (0 mm), and large (+3.5 mm). There was no significant difference in the distribution of the ceramic head increments (Table II) . The headneck ratio was 2.0 (28 mm/13.8 mm) in each group.
On the acetabular side we used the same cementless metal cancellous acetabular component (ESKA) with a gamma-sterilised conventional polyethylene liner (ESKA) in every case. 14, 15 There was no significant difference in the distribution of the outer diameter of the acetabular components between the two groups (Table II) . Morsellised autogenous bone retrieved after reaming the acetabulum was used to augment the uncovered superolateral part of the acetabular components and to fill cysts in the acetabulum.
A neutral or a 10° elevated polyethylene liner was chosen based on the stability of the hip after trial reduction.
All patients received prophylactic intravenous antibiotics with 2 g of second-generation cephalosporins on induction and 2 g every 12 hours for 72 hours. Anticoagulants were not given. Elastic stockings were used for the first two postoperative weeks. Partial weight-bearing was allowed after one week, and full weight-bearing after three weeks, provided there were no complications.
Clinical and radiological data were evaluated by two independent authors (TS and NS) who were blinded to the results. The clinical results were evaluated pre-operatively and at the latest follow-up using the Harris hip score (HHS) 16 and the range of movement of the hip. Anteroposterior (AP) and true lateral radiographs were taken pre-operatively and at each follow-up. The location of the centre of the hip was taken to be the centre of the femoral head on the immediate post-operative AP radiograph. The vertical distance from the teardrop and the lateral distance from the vertical line through the symphysis pubis 17 were computed (ImageJ 1.42q, National Institutes of Health, Bethesda, Maryland). Migration of the femoral component was determined by measuring the vertical distance from the shoulder of the stem to the midpoint of the lesser trochanter. Angulation of the stem was measured between the axis of the stem and that of the proximal femur. Vertical migration of > 4 mm or a change of > 2° in the valgus/varus angle were taken to indicate loosening. 18 Loosening of the acetabular component was defined as migration of > 2 mm or a change of > 5° in the abduction angle. 18 We also noted the presence or absence of femoral and acetabular osteolysis. Osteolysis was defined as an area of endosteal, intracortical or cancellous loss of bone with scalloping, or loss of bone other than that from disuse osteopenia. 19 Penetration of the head into the polyethylene liner was not measured because the entire outline of the ceramic head could not be seen in the metal acetabular shell with conventional plain radiographs (70 kVp, 12.5 mAs). In cases of osteolysis, radiological examination with highvoltage radiographs (120 kVp, 20 mAs) was carried out in order to measure the migration of the hip centre and the amount of polyethylene wear. Differences in post-operative leg-length were determined radiologically by measuring from the acetabular teardrop to the lesser trochanter on each side. 20 Differences of > 6 mm were considered significant.
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Statistical analysis. Analysis of outcome between the two groups was performed using the non-parametric MannWhitney U test, chi-squared test and Fisher's exact probability test. A p-value of < 0.05 was considered statistically significant.
Results
There were significant differences in the mean total HHS at follow-up (modular group/non-modular group: 98.6 (64 to 100)/93.9 (68 to 100), p < 0.0001)), mean range of abduction (32° (15° to 40°)/28° (0° to 40°), p = 0.002), incidence of femoral osteolysis (20 hips (27%)/57 hips (77%), p < 0.0001), and the incidence of acetabular and femoral osteolysis (20 hips (27%)/59 hips (79.7%), p < 0.0001) at the latest follow-up (Table III) . In the nonmodular group, two acetabular components needed revision because of aseptic loosening and varus migration. In the modular group, 10° elevated liners were used in 23 hips (31%) and neutral liners in 51 (69%) (Fig. 3) , whereas in the non-modular group 10° elevated liners were used in all 74 hips (100%) (p < 0.0001) ( Table II) . The elevated liners in the non-modular group were associated with more osteolysis than the neutral liners in the modular group (p < 0.0001, Table IV , Fig. 4 ). There were no significant differences in pre-operative HHS, range of movement, location of the hip centre, cup loosening, stem loosening or revision surgery at the latest follow-up. High-voltage radiation was used to examine 72 hips with osteolysis. There were 13 of these in the modular group and 59 in the non-modular group. They showed migration of the hip centre due to polyethylene wear in all hips (Fig. 4c) . Radiological measurements of leg length showed that these were equal in 68 of 74 hips (92%) in the modular group and in 45 of 74 hips (61%) in the non-modular group (p < 0.001). There were no disassociations, fractures of the ceramic head, dislocations or infection in either group (Table III) .
Discussion
Although this was a retrospective study with a small number of hips, the groups were well-matched for age, gender and Crowe's classification. The modular femoral neck system with the articulation of the modular alumina ceramic head and the gamma-sterilised conventional polyethylene liner in cementless THR provided favourable long-term results without severe complications at a minimum of 13 years' follow-up. The total HHS and the range of abduction at the latest follow-up were significantly better in the modular group than those in the non-modular group. There was no significant difference in the range of movement as measured by the HHS, as abduction > 20° is not recognised.
In the non-modular group, elevated liners were used in each case and the range of movement was decreased as expected. 22 There was no disassociation between modular neck and stem. This may be due to the axial shape and length of the trunnion of the connection. One case report has shown disassociation of a different modular femoral neck from a well-fixed femoral component. 6 The connection in this case was by a round-shaped taper with a tapered junction, which is ellipsoidal in shape in the axial plane, and carries a 16 mm long trunnion.
There were no fractures of the modular neck in this study, probably because of the high proportion of light women in each group.
We could not see whether fretting wear or corrosion had occurred, because there were no revisions in the modular group and because there is no non-invasive method of identifying fretting wear or corrosion in vivo. In a previous series with a ceramic-on-ceramic bearing and the same modular femoral neck system, two of 170 hips were revised and we found no severe corrosion macroscopically at the junction of the femoral neck and stem. 23 In vitro studies have shown that the modular titanium neck-stem is resistant to corrosion in air, FeCl 3 solution and physiological Ringer's solution. 4 As far as fretting is concerned the ISO 7206/3 standard would suggest that the modular tapered joint would produce 0.6 mg/year of metal debris, whereas a normal stable prosthesis is likely to produce something less than 10 mg/year of metal debris. The production of a further 0.6 mg/year from the modular neck should not have any significant effect. 5 We could not evaluate polyethylene wear directly using conventional plain radiographs. However, we used highvoltage radiation to investigate migration of the centre of the hip and polyethylene wear in cases of osteolysis. Migration was present in each case, suggesting that polyethylene wear could be related to femoral osteolysis, despite the fact that we could identify no differences in polyethylene wear between the two groups.
Osteolysis was greater with an elevated polyethylene liner and an alumina ceramic head. The modular femoral neck system with a modular alumina ceramic head and liner may give better long-term results, provided there is no Although further, longer follow-up is desirable, we found no clinical problems related to the modular neck after a minimum of 13 years' follow-up. The modular femoral neck system reduces the need for an elevated liner with its tendency to greater osteolysis, and can improve the range of movement, and provide for adjustment of leg length. Immediate post-operative anteroposterior radiograph of a) non-modular replacement with wiring for an intra-operative fracture, a 10°e levated liner was used, b) after nine years there is severe proximal femoral osteolysis and c) radiological examination using highvoltage radiation (120 kVp, 20 mAs) shows that the hip centre has migrated proximally. 
